The necessity for rapid and precise information on specimens for microbiological examination has been stated by many (3) . Urine is the most numerous of the types of specimen submitted to the microbiology laboratory (1) . A simple rapid screening test for significant bacteriuria is desirable, as is a rapid evaluation of the antimicrobial susceptibility of the alleged pathogens.
This report shows that microscopic evaluation of Gram-strained urine can accurately screen positive cultures and that direct Autobac antimicrobial susceptibility testing of the centrifuged urinary pathogens is indeed possible.
MATERIALS AND METHODS Urine samples. Urine was received for culture from both inpatient and outpatient sources of the John Dempsey Hospital, University of Connecticut Health Center, and cultured within 1 h after collection. Urine samples were rejected if there was evidence of delayed transport (22 h).
Gram stain of urine. Ten microliters of urine was placed on a clean glass slide with a calibrated platinum loop (0.01 ml) and spread in approximately a 30-mm circle. The slides were air-dried and Gram-stained according to the procedure described in the second edition of the Manual for Clinical Microbiology (5) .
Approximately 50 oil immersion fields (o.i.f.) were scanned, and the mean number of microorganisms per field was reported. If two or more morphological types of bacteria were present on a slide, the urine sample was not admitted to the study. All samples with -1 bacterium per o.i.f. were experimentally processed.
Routine urine culture. A 10-p1 sample of urine was uniformly spread on the surface of a 10% sheep blood agar plate. A similar amount of urine was cultured on a MacConkey agar plate for optimal colony separation. Plates were incubated at 35°C for 18 h in an air incubator. Estimates of colony counts were made by visually examining the blood agar plates.
Urine cultures were routinely reported as "no growth," <1,000 colony-forming units (CFU) per ml, -10,000 CFU/ml, and actual colony count in 10,000-CFU/ml increments when the count was between 10,000 and 100,000 CFU/ml or greater. For the purposes of the study, three categories of urine colony counts were established: <104 CFU/ml, >104 but <105 CFU/ml, and :10' CFU/ml. Identification of organisms present in urine was according to methods outlined by Lennette et al. (5) .
Routine antimicrobial susceptibility test. After overnight incubation of the blood agar plates and the MacConkey agar plates, the plates were examined, and individual colonies of representative bacteria were chosen for the Autobac antibiotic susceptibility test according to the procedure of Thomsberry et al. (9) . Results of direct and pure culture susceptibility tests were compared, as were the results of the Gram stain on uncentrifuged urine and the semiquantitative colony count.
Experimental processing of urine. When the urine contained -1 bacterium per o.i.f., 12 ml of the sample was added to a sterile 15-ml conical centrifuge tube. Turbid urine was initially centrifuged at 500 x g for 10 min to remove cellular debris. The claified sample was then centrifuged at 3,000 x g for 15 mi, an n t urine was removed.
The pellet was suspended in 5.0 ml of phosphatebuffered saline (Autobac Standardization Solution, Pfizer Diagnostics; pH 7.0). This suspension was used to adjust an Autobac inoculum standardization cuvette to the present machine value (1.5 x 10' to 3.0 x 10' CFU/ml). After inoculum standardization, the procedure for the Autobac antibiotic susceptibility test was followed as outlined by Thornsberry et al. (9 Many methods have been proposed for rapid screening of urine for infection. They include detection of nitrite (4), disappearance of glucose (7) , presence of catalase (4), tetrazolium reducing power (8) , microbial adenosine 5'-triphosphate concentration (3), and pyuria. Most available methods suffer from imprecision, high cost, lack of ready availability, slowness of processing, and lack of practicality. On the other hand, investigators have suggested that the urine Gram stain is perhaps one of the most effective screening methods for bacteriuria currently available.
A report by Heinze et al. (2) indicates that the microscopic evaluation of urine is indeed a reliable screening device. Their work indicates that VOL. 11, 1980 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from urine containing.-105 CFU/ml usually will show It must be emphasized that rejection of a >8 bacilli per o.i.f. and that specimens contain-specimen for culture based on a negative direct ing 2103 CFU/ml but less than 105 CFU/ml Gram stain cannot be recommended without usually either are negative by microscopy or reservation. All urine samples, collected and contain <1 bacterium per o.i.f. Although the properly transported, should be processed. present study is in general agreement with that Whereas the microscopic evaluation of urine is of Heinze et al. (2) , certain differences do exist. not labor sparing, the ability to predict 90% of The idea that the presence of 1 to 2 bacteria per true positives based on a threshold count of -5 o.i.f. is indicative of a colony count of 2105 CFU/ bacteria per o.i.f. would appear to be worthwhile. ml cannot be fully supported. The data in Fig. 1 The false-negatives would be subsequently deshow that 66 of 1,266 (5.2%) specimens whose tected by routine culture. colony count was <i10 CFU/ml revealed from 1 The Gram stain then is used for two purposes: to 15 bacteria per o.i.f. (average count of 2), (i) to screen for true positives, and (ii) to trigger whereas those specimens (76/1,266; 6%) with a rapid Autobac antibiotic susceptibility test. culture-proven significant bacteriuria (-105 Direct antimicrobial susceptibility tests on urine CFU/ml) had microscopic counts significantly suffer from the threat of multiple bacterial spehigher (average count of 18).
cies being present. Although in all of the patients Those specimens termed equivocal (>104 to with two or more gram-negative rods in the <105 CFU/ml) may often represent infection of urine, the rapid Autobac susceptibility results the urinary tract, particularly when organisms were sufficiently atypical as to be questioned, are present in pure culture. There were eight such cannot be guaranteed. Consequently, strict specimens in this category; two were negative by attention must be paid to microscopic morpholmicroscopic screening, and six contained from 2 ogy. Smears containing both gram-positive and to 20 bacteria per o.i.f. (average count of 5).
gram-negative bacteria, or more than one morIt is difficult to determine a threshold micro-phological type regardless of Gram reaction, scopic count that predicts significant bacteriuria. should not be rapidly processed. If in this study an average count of 5 bacteria
The lack of precise correlation between the per o.i.f. was accepted, then 68 of 76 (90%) of the direct Gram stain and the colony count may be positives would have been predicted. However, the result of a number of factors, including: (i) 8 of 76 (10%) significant specimens would have stained nonviable bacteria; (ii) the presence of been classified as negative. If, on the other hand, substances in the urine inhibitory to bacterial any number of bacteria per o.i.f. was accepted growth; (iii) cellular components; and (iv) physas a threshold, then 66 of 1,266 specimens (6%) ical state of the urine (pH, temperature). The would have been false-positive. With either inability of the present study to corroborate that threshold, three specimens which subsequently of Heinze et al. (2) , particularly in those specirevealed 2105 CFU/ml and two specimens con-mens containing only 1 to 2 bacteria per o.i.f., taining >104 to <105 CFU/ml would have been may reflect inherent interlaboratory variation, called negative as a result of no organisms ob-since the methods are similar. served by Gram stain.
The data indicate that most positive urine
Still another way to test the data on micro-samples contain -105 CFU/ml. In fact, Heinze scopic evaluation of urine specimens is to deter-et al. (2) reported that the majority of positive mine the sensitivity, specificity, and predictive specimens in their study had colony counts of values using certain threshold counts. Sensitiv--108 CFU/ml. This is a sufficient number of ity can be defined as the probability of detecting organisms upon which to perform a rapid Aua true-positive urine specimen by Gram stain, tobac susceptibility test. Since the advent of the and specificity can be defined as the probability standardized disk susceptibility test, direct analthat a negative Gram stain is truly reflective of ysis of specimens has not been encouraged due a negative urine specimen. Table 2 shows that to the problems in inoculum standardization. reducing the threshold for a positive screening The present study has attempted to circumvent test from 25 to >1 bacteria per o.i.f. increases' this difficulty by using the Autobac nephelomsensitivity (90.5 to 96.2%), decreases specificity eter to standardize a suspension of bacteria re-(99 to 95%), markedly affects the predictive moved from urine by centrifugation. It is clear value of a positive (92.7 to 53.5%), and has es-that there are other cellular elements in urine sentially no effect on the predictive value of a besides bacteria, such as squamous epithelial negative. In practical terms a false-negative cells, leukocytes, and erythrocytes. When the screening test has more dire results than a false-urine specimen was visibly turbid it was gently positive result. Thus, on the basis of the data in centrifuged (500 x g) for 10 min to remove this report, a positive threshold of -5 bacteria cellular debris. The supernatant was then cenper o.i.f. seems valid.
trifuged, as previously indicated, for inoculum preparation. Such a process usually removed most cellular debris that would have resulted in a spuriously low bacterial inoculum concentration.
The results of the rapid direct Autobac susceptibility test appear promising. The majority of very major discrepancies occurred with colistin and chloramphenicol, two antibiotics which would not normally be used for urinary tract infections. Overall, the results compare favorably with those of Heinze et al. (2) : there were 0.5% very major discrepancies in our study, compared to 0.7% in theirs, and 1.2% major discrepancies in our study, compared to 3.0% in theirs. Similar procedures using direct Autobac susceptibility testing have been published for blood cultures (6) . Both methods (urine and blood) have proven valuable in many situations where a 3.5-to 4-h delay was acceptable to obtain susceptibility results.
Lacking in this study was a susceptibility test for a sulfa derivative or sulfamethoxazole-trimethroprim. At the time, thymidine-free nutrient broth, required for sulfamethoxazole-trimethoprim analyses, was not widely available, and rapid tests for sulfa have not proved reliable. Recent results suggest that rapid sulfamethoxazole-trimethoprim tests are reliable.
A valuable adjunct to a simple microscopic screen and a rapid susceptibility test would be quick identification. Several products are available, one of which, Micro-ID (General Diagnostics), has shown promise for rapid identification of urine isolates within the same time frame as the direct Autobac susceptibility test.
